We utilize periodic arrays of graphene micro-ribbons to control the transmission and Faraday rotation spectra of THz pulses by coupling to magnetoplasmon modes whose frequencies are determined by the ribbon width.
Electro-and magneto-static biasing have proven to be effective methods to tune the electronic and optical properties of graphene [1] . Particularly intriguing is the splitting of the graphene plasma resonance into magnetoplasmons under static external magnetic fields, due to the hybridization of collective plasma and cyclotron excitations [2] . Coupling electromagnetic radiation to these quasiparticles requires the breaking of translational invariance in the system to overcome the photon-plasmon momentum mismatch. This can be achieved through lithographic techniques, where the graphene layer can be patterned to discretize the magnetoplasmon into a set of modes with frequencies that scale with the characteristic length of the pattern [2, 3] . In concert with a variable external magnetic field, this may allow for broadly tunable frequency filtering and polarization manipulation at terahertz (THz) frequencies [2] .
Using THz time-domain spectroscopy, we demonstrate how a periodic array of graphene micro-ribbons can be used to control the transmission spectrum and polarization state of a THz pulse whose electric field is oriented along the pattern's axis of periodicity (perpendicular to the long axis of the ribbons). A schematic of the sample and THz polarization orientation is shown in Fig. 1(a) . Epitaxial graphene ribbons (p-doped, E F = 0.2 eV, n = 2.5×10 12 cm -2 ) ranging in width from 6-16 µm were patterned on 500-µm thick 4H-SiC substrates using electron-beam lithography. The external magnetic field and sample temperature were controlled using a superconducting magnetic cryostat. The THz pulses were generated using 800 nm femtosecond pulses from a Ti:Sapphire oscillator focused onto a photoconductive emitter, and the transmitted pulses were detected using a photoconductive receiver. Fig. 1(b) shows the THz transmission spectrum for a ribbon width of w = 16 µm and periodicity L = 32 µm at T = 2 K. As the magnetic field is increased, the primary peak blue shifts. The fit in Fig. 1(c) reveals that the peak position has a 1/ w dependence (obtained from measurements made on samples with different , not shown here), consistent with the lowest order discretized graphene plasmon [3] . In addition, at higher fields, a pronounced shoulder develops in the transmission spectrum, as indicated by the black arrow in Fig. 1(b) . This is indicative of a second magnetoplasmon mode, and the increasing breadth of the transmission spectrum reflects the increasing frequency separation between the two modes as the magnetic field is increased. A second consequence of the two magnetoplasmon modes manifests in the Faraday rotation spectrum shown in Fig. 1(d) . While the Faraday rotation bandwidth is relatively narrow at low external magnetic fields, it evolves quasi-linearly, eventually yielding a large frequency range over which a sizeable polarization rotation can be supported.
The influence of the external magnetic field upon the THz transmission and Faraday rotation spectrum stems from the fact that the elements of the optical conductivity tensor of graphene are functions of the cyclotron frequency ω c = ev F 2 B/E F [4] . The influence of the periodic pattern originates from the parallel orientation of the THz electric field polarization with respect to the periodicity axis, which yields a capacitive coupling between the micro-ribbons. This translates to an additional pattern-dependent impedance contribution (Z C ) to the impedance of a uniform graphene sheet (Z G ), which subsequently leads to a modified total conductivity for the system [5] . With this, we can model the transmission and Faraday rotation as [6] T ≈ 1+ 2 n + 1
where n is the refractive index of the SiC substrate, r = (n -1)/(n + 1), Z 0 is the vacuum impedance, and σ T = Z G + Z C -1 . The black lines in Fig. 1(c) and (d) are fits of the transmission and Faraday rotation spectrum using this model, where the Fermi energy, Drude weight, and carrier scattering rate are treated as free parameters. The final fit values were consistent with the experimental values for our samples. At B = 0 T, the peak in Fig. 1(b) is due to the confinement of the carriers due to the ribbon pattern and the corresponding shift in the plasmonic resonance frequency. As the field increases, this resonance splits into lower and upper branches, the former representing an edge-like mode and the latter a bulk-like mode. While the modes are easily discernible in the transmission spectra, their combined effect in the Faraday rotation spectrum yields a broad peak due to their contribution to the Hall conductivity. This has also been observed in intrinsic monolayer graphene with stair-step defects [6] .
Our results demonstrate that graphene micro-ribbon arrays are a powerful system for controlling the coupling between light and magnetoplasmonic modes. This enables the tailoring of THz transmission profiles and polarization states using applied magnetic fields. 
